The crystal structure of a photodimer of l,4-epoxy-1,4-dihydronaphthalene, with empirical formula C20H1602, has been determined by the application of direct methods. Three-dimensional data were collected on a Datex-automated General Electric diffractometer to a minimum spacing of 1 ·0 A. The coordinates of all atoms in the molecule, the isotropic temperature factors for the hydrogen atoms, and the anisotropic temperature factors for the other atoms were refined by the method of least squares. The final R index was 0·027. The crystals are orthorhombic, space group Pca21 with a= 16-52, b= 7·975 and c= 10·58 A. Of four possible configurations, the molecule of the photodimer has the exotrans-exo configuration. Despite the lack of a center of symmetry in the space group, the molecule is centrosymmetric almost within experimental error.
Introduction
The photodimer, C2 0 H 16 02, was obtained during a study in these laboratories of the photorearrangement of l,4-epoxy-1,4-dihydronaphthalene (Ziegler, 1969) . Study of the nuclear magnetic resonance spectrum showed that the molecule must have either the endoendo or the exo-exo configuration. This structure determination was undertaken to find the true configuration. 
Experimental
Crystals, in the form oflarge, thin plates, were obtained by slow evaporation of an ethanol solution of the photodimer. Unit-cell parameters were determined from measurements of precession photographs which were calibrated by lines diffracted from a powdered sample of sodium chloride (a 0 = 5·6402 A). The resulting values for the unit-cell dimensions are: a= 16·520 (2) A b= 7·795 (7) c=I0·58 (I)
The absence of Oki reflections with l odd and the The density of the crystals measured by the flotation method and the density calculated for the photodimer, assuming four molecules per unit cell, is 1 ·374 g. cm- 3 • The intensity data used for final refinement of the structure were collected from a crystal cut from one of the large, thin plates with a razor blade. It had a thickness of approximately 0· 1 mm and had a trape- zoidal face with an altitude of 0·3 mm and bases of 0·5 and 0·2 mm. Intensity data were collected by the 8-W scan method on a Datex-automated General Electric diffractometer using Cu Ka radiation. An initial set of data was collected from a small crystal with a scan speed of two degrees per minute and a background count was collected for ten seconds at both the beginning and the end of the scan. These data proved to be inadequate for satisfactory refinement of the structure. A second set of data was collected using the new crystal described above. This set was collected with a scan speed of one degree per minute and background count was collected for thirty seconds at both ends of the scan. All reflections were collected to a minimum spacing of 1 A. These numbered a total of 774, of which 9 were observed to have intensities less than background and were assigned intensities of zero. No correction for absorption was made (µ=7·0 cm-1 ).
The determination and initial refinement of the structure were based on the first set of data. They were placed on an absolute scale by Wilson's (1942) statistical method. A Howells, Phillips & Rogers (1950) plot indicated that the crystal was probably noncentrosymmetric; therefore, the space group values with those calculated for cen trosymmetric and should be Pca21.
noncentrosymmetric structures confirms that the The normalized structure factors IEI (Karle & space group is the noncentrosymmetric Pca21. Karle, 1966) were then calculated using an overall temperature parameter of 1·50 A 2 • The observed and Phase determination theoretical values for certain statistical averages and distributions of the normalized structure factors are A general description of the normal phase determinashown in Table 1 . A comparison of th~ observed tion procedure has been given by Karle & Karle (1966) . The method used in this case, however, is somewhat unconventional. The phases of three reflections were assigned to specify the origin in space group Pca2 1 (Hauptman & Karle, 1956 ). These reflections were chosen on the basis of their large E values and the large number of relationships which they formed with other reflections with large E values. The reflections chosen were 14,1,3, 7,5,5 and 10,2,1 and their assigned phases were n/4, n/2, and -n/4, respectively. The application of the phase determining formula (/Jh ' .:::' . ( (/Jk + (/Jh-k)kr to the reflection 14,0,0 gives a strong indication of its sign. The right-hand side contains nine terms of the type rp(7 kl)+ rp(7 ki); eight of these terms indicate a phase of 0 and one a phase of n. The phase of the 14,0,0 reflection was therefore assumed to be 0. At this time a program for the iterative application of the tangent formula (Karle & Hauptman, 1956) ,
k was being written and tested. While testing the program with the three origin-determining reflections and the 14,0,0 reflection, it was evident that just these four reflections generated very many relationships with other reflections. By introducing the phases determined in this way into the list of known phases, it was possible by cyclic application of the tangent formula to determine eventually the phases for 274 reflections with E values greater than l ·O.
The reflections whose phases had been determined in the method described above were used to calculate an E map, the normalized structure factors, Eh, being used as Fourier coefficients. Twelve of the carbon atoms and both of the oxygen atoms were easily located in this map. The alternate calculation of structure factors and electron density maps led quickly to the complete elucidation of the structure.
Two phenomena observed during this structure determination bear special notice. First, the application of direct methods led to the correct structure in spite of the rather poor quality of the data; second, the distribution of the E values (Table I) gave no indication of the pseudo-centrosymmetric nature of the molecule.
Refinement of the structure
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where S is the total counts collected during the scan; B 1 and B 2 are the numbers of counts collected for each background; ex is the scan time to total background time ratio; d is an empirical constant of 0·02.
Approximate coordinates for all twenty-two heavier atoms were obtained by the Fourier technique described above. In space group Pca2 1 the location of the origin in the z direction is arbitrary. Accordingly, the z coordinate of atom 0(21) was held constant throughout the refinement of the structure. The proposed structure was put through several cycles of leastsquares refinement, but the R index could not be reduced below 18 %. A careful survey of the data indicated that this was probably the best fit that could be obtained with the first set of data that had been collected. The second set of more carefully collected data was then obtained and was used in final and complete refinement of the structure. After several cycles of refinement with anisotropic temperature factors, hydrogen atoms were introduced at their expected positions. Both the coordinates and isotropic temperature factors for the hydrogen atoms were included in the refinement. In the later stages of refinement a secondary extinction factor was also included; the expression used is F~orrected = (F ca 1 )2/ (1 + gp(F ca 1 )2) (Larson, 1967) . During the final cycles of refinement the atomic coordinates for all atoms were contained in one matrix and the temperature factors, scale factor, and secondary extinction factor were included in a second matrix. The final value obtained for the secondary extinction factor g is 17·6 ( ± 0·7) x IQ-6. The final R index is 0·027. The observed and calculated structure factors, F 0 and Fe, and the phase angles, rp, are listed in Table 2 .
The final coordinates and anisotropic temperature factors for the heavy atoms and their standard deviations, calculated from the least-squares residuals, are given in Table 3 . The positional parameters and isotropic temperature factors for the hydrogen atoms and their standard deviations are given in Table 4 .
The shifts calculated for the parameters in the final cycle of least squares were all less than one-tenth of the standard deviations.
Description of the structure
A composite of the final electron density map viewed along the c axis is shown in Fig. I . An analogous composite of a difference synthesis for which the contributions of the hydrogen atoms were omitted from Fe is shown in Fig. 2 . No other significant features appeared in the difference map. Two stereoscopic views of the molecule are shown in Figs. 3 and 4. [Figs. 3, 4, 5 and 6 were drawn on a CALCOMP plotter controlled by an IBM 360/75 computer using the 0 RTEP program (Johnson, 1965) .]
The bond distances and angles involving the heavy atoms are shown in Fig. 5 . The standard deviations in the atomic coordinates (Tables 3 and 4) correspond to positional uncertainties of approximately 0·004 A for the carbon atoms, 0·002 A for the oxygen atoms and 0·03 A for the hydrogen atoms. The standard deviations are expected to be about 0·006 A for C-C distances, 0·005 A for C-0 distances and 0·03 A for C-H distances The standard deviations in the bond angles between heavy atoms are about 15' and about 2 ° in angles involving hydrogen atoms; the agreement among chemically equivalent bonds suggests that these standard deviations are reasonable. Distances and angles involving hydrogen atoms are listed in Table 5 .
The molecule, within a close approximation, possesses the symmetry 2/m. The position of the center of symmetry, obtained by averaging the positions of •
... This structure is an example of the unusual situation of a nearly centrosymmetric molecule which crystallizes in a non-centrosymmetric space group. Another molecule which has a center of symmetry, but crystallizes in a non-centrosymmetric space group, is P-1 : 2-5: 6-dibenzanthracene (Robertson & White, 1956 ).
Biphenylene (Waser & Lu, 1944; Fawcett & Trotter, 1966) crystallizes in space group P2if a with six molecules per unit cell. Two of the molecular centers fall on centers of symmetry, but the other four molecules are in general positions despite their apparent center of symmetry.
The equations of the least-squares planes through the benzene and cyclobutane rings and the deviations of the individual atoms from their respective planes are given in Table 6 . The second benzene ring shows a slight degree of non-planarity.
A stereoscopic view down the b axis showing the packing of the molecules is given in Fig. 6 . There are no short contacts between [molecules. The shortest heavy-atom-to-hydrogen intermolecular distance is 
